of the mandibular symphysis, were used to construct the SNA and SNB angles, which relate the position of the maxilla and mandible, respectively, to the cranial base. 2 The difference between these two angles, (ANB) points towards the magnitude of the skeletal jaw discrepancy. SN plane was therefore employed merely as a common reference line to allow Steiner to utilize two other lines, NA and NB, which he deemed as having much greater value in relating structures of the face. Cone-beam computed tomography (CBCT) overcomes many of the limitations of superimposition, magnification and distortion that occur with plane film views, [3] [4] [5] [6] and can provide superior visualization of the airway space, temporomandibular joint (TMJ), impacted teeth and root morphology. 4, 7 Since it generally involves exposure to a higher dose of ionizing radiation, much controversy surrounds the efficacy of CBCT for the purposes of diagnosis and treatment planning. 8 The acquired volume of a CBCT image, determined by a device's field of view (FOV) setting, is the main determinant of effective dose regarding a patient's radiation exposure. 5, 9, 10 Studies have demonstrated that using a smaller FOV setting and shielding radiosensitive tissue is associated with a substantial reduction in effective dose. 5, 9, 11, 12 The increased use of CBCT in orthodontics has been met with a concomitant rise in the use three-dimensional (3D) surface imaging which can be registered to CBCT data to provide a comprehensive 3D view of the patient. 13, 14 Better utilization of this technology can allow limiting the field of view to the area of interest and provide clinicians with the benefits of three-dimensional imaging without the additional radiation attributed to full-view CBCT scans. However, a reduced FOV would necessarily eliminate capture of the cranial base, which houses structures vital to many existing cephalometric analyses. Therefore, an alternative landmark must be proposed for use as a reference structure in evaluating maxillomandibular relationships from a 3D facial image superimposed on a limited field CBCT.
The purpose of this study was to investigate the use of a point located at the maximum convexity of the cornea (C) along with natural head position as a replacement for sella and nasion in Steiner's cephalometric analysis. The cornea is an ideal alternative structural reference point as it can be visualized clinically, on a photograph (2D or 3D), as well as on a lateral cephalograms.
Studies of post-natal growth of the midface indicate that growth of the eye is essentially complete by 7 years of age, and it has been shown that most changes to the size and shape of the cornea occur during the first year of life. 15, 16 Moreover, cross-sectional studies demonstrate that C point displays no less stability than nasion from childhood to young adulthood. 17 We hypothesize that 
| MATERIAL AND ME THODS

| Study sample
Approval for the study protocol was granted by the Harvard Medical School Institutional Review Board committee (IRB
Highlights
• Nasion is located on the anterior cranial base and commonly used as a reference for orthodontic diagnosis.
• The maximum convexity of the cornea is part of the neural tissue and completes its growth early in life. It is located in an area similar to nasion and visible using regular photography. This makes it a candidate for a reference point to potentially substitutive nasion allowing orthodontists to limit their field of radiographic exposure to the upper and lower jaws.
• Since the maximum convexity of the cornea is identifiable both clinically and radiographically, the objective of this study was to correlate traditional Steiner's skeletal and dental measurements to similar measurements that use the eyes and true horizontal as a reference instead of the cranial base.
• Steiner cephalometric measurements of the jaws to each other, the divergency and the orientation of the incisors had a strong positive correlation with their counterparts that relied on true horizontal and/or the eyes (P < 0.001).
• Age and Gender specific reference values for the proposed analysis are reported.
• The long-term implications of this study are clearly not to use the cornea on a cephalometric radiograph. Instead, the eyes can be located on a 2D or 3D facial photograph that can be indexed to a cone-beam CT (CBCT) or cephalometric radiographs limited to the lower half of the face.
The combination can be used to measure the position and orientation of the jaws and teeth relative to the eyes and natural head position instead of the cranial base.
#16-0113). De-identified lateral cephalograms used in this investigation were collected from the Harvard Forsyth Institute growth sample database ). 18 The subject selection for this study was based on the availability and quality of lateral cephalometric radiographs from which the required landmarks could be adequately identified. Subjects that received orthodontic treatment were excluded from the study.
A post hoc power analysis was conducted with a clinically meaningful difference set at 2 mm for linear measurements and 2-5°
for angular measurements. The study sample size was sufficient in finding these differences at 90% power, an alpha of 0.05 and use of two-sided tests. To ensure an even distribution of pre-pubertal and post-pubertal children and to check the stability of the cornea during the growth spurt, each of the 76 subjects (33 female and 43 male) evaluated had two cephalograms traced. (age 8 years ± 12 months and age 18 years ± 12 months). 19 Each cephalogram was considered a separate sample resulting in a total sample of 152 and an average age of 12 years and 6 months. Subjects were all of Caucasian ethnicity.
To report Caucasian reference measurements for the new analysis, subjects with an ANB of 2 ± 2° at age 18 were isolated to resemble Steiner's reference group (39 subjects, 20 males, 19 females).
| Methodology
The digitized lateral cephalograms were uploaded to Dolphin Imaging 
| Reliability
Ten randomly selected lateral cephalograms were traced and assessed independently by the two examiners to evaluate interobserver reliability.
| Statistical analysis
Inter-examiner reliability was assessed using intraclass correlation coefficients (ICCs). Paired sample t tests were used to compare the growth at the cornea point to the growth at nasion relative to sella and to compare the change in traditional and new cephalometric measurements between age 8 and 18. Two-tailed t tests were used to evaluate gender differences. A Pearson product-moment correlation coefficient was used to determine the correlation between the conventional Steiner's analysis measurements and the novel cephalometric measurements containing C point.
| RE SULTS
| Inter-examiner reliability and growth between age 8 and 18
Inter-examiner reliability was determined using intraclass correlation coefficients (ICCs) for each cephalometric measurement. ICCs calculated to assess the concordance of landmark identification between the two examiners ranged from 0.915 to 0.996 (P < 0.001) demonstrating excellent reliability. 21 The paired sample t test comparing S-N to S-C resulted in a P value of 0.57 indicating no significant difference between growths at nasion and the cornea during the growth spurt. Table 1 reports means and standard deviations for all cephalometric measurements for all the subjects. Table 2 reports normative values at age 8 and 18 for the proposed analysis for the subjects that had an ANB angle of 2 ± 2° at age 18. Most traditional and proposed measurements had a statistically significant difference before and after the growth spurt (Table 2) . With the exception of SNA and SNB at age 18, no significant gender differences were detected (Tables 3   and 4 ).
| Correlation of cephalometric measurements
The cephalometric measurements intended to assess the magnitude of jaw discrepancy, ANB and ACB, were very strongly correlated positive Pearson correlation with their novel counterparts using the cornea instead of nasion (r > 0.95, P < 0.001; Figure 2 ).
| D ISCUSS I ON
The agreement in landmark identification between the two examiners in this study was higher than that was reported by Uysal et al The results of the cross-sectional investigation demonstrate that
Steiner's ANB angle, mandibular plane angle and all of the dental measurements evaluated were strongly or very strongly correlated with the measurements that involved the eyes and natural head position instead of the cranial base (P < 0.001).
Although ANB and ACB had a near perfect correlation, the fact that SNA and SNB had weak correlations with their counterparts relying on the eyes and natural head position comes as no surprise. The position of sella is known to be highly variable with individual variations exceeding 10°. 25, 26 Most clinicians are aware of this individual variation in the cranial base and will often correct measurements to SN using true horizontal when they notice a sella that is too low or too high. This brings into question the diagnostic value of exposing the cranial base in the first place when a non-radiographic alternative is reproducible to within 1-3° even 5 years after the original recording. 27 The relative stability of the cranial base does make it useful for superimpositions to evaluate treatment progress and outcomes. Further research is necessary to validate the use of the eyes and natural head position for those
applications.
An obvious limitation is the two-dimensional nature of the records used. However, the intent of this study is clearly not to trace the eyes on cephalometric radiographs but to prove the concept that the eyes along with natural head position can be used for orthodontic diagnosis as an alternative to the cranial base. Since the eyes and natural head position can both be TA B L E 3 Male and female mean values for traditional and proposed cephalometric measurements at age 8 for subjects that had an ANB angle of 2° ± 2 at age 18 (n = 39, 20 males and 19 females) identified without the need for radiation using 2D or 3D facial TA B L E 4 Male and female mean values for traditional and proposed cephalometric measurements at age 18 for subjects that had an ANB angle of 2° ± 2 at age 18 (n = 39, 20 males and 19 females) 
| CON CLUS ION
The eyes and true horizontal can be used as alternatives to the cranial base when diagnosing relationship between the jaws, and position and orientation of the teeth. Since the eyes and natural head position are identifiable without ionizing radiation, future research should focus on the use of radiographic exposures limited to the upper and lower jaws for orthodontic diagnosis and outcome assessment.
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